We describe the management of a Sierra Leonean health care worker with severe Ebola virus disease complicated by diarrhea, significant electrolyte disturbances, and falciparum malaria coinfection. With additional resources and staffing, high quality care can be provided to patients with Ebola infection and adverse prognostic factors in west Africa.
INTRODUCTION
The Ebola virus epidemic started in December 2013 in Guinea and rapidly spread to Sierra Leone and Liberia. 1 The outbreak led to infections in health care workers (HCWs) who had inadequate or no personal protective equipment (PPE) when treating patients with Ebola virus disease (EVD).
2 In contrast to international staff, local HCWs with EVD had little realistic chance of evacuation to countries with the treatment facilities, skills, and experience of managing EVD. Interventions such as intravenous fluids, blood product administration, blood chemistry monitoring, and electrolyte replacement were not reliably available at local EVD care centers, and there was no access to intensivist-delivered care for most patients. 3 Our treatment center, staffed by U.K. and Canadian military personnel, provided care to international and local HCWs with suspected or confirmed EVD, and offered comprehensive nursing care and medical expertise, including infectious diseases and critical care. 4, 5 We placed peripheral venous cannulas, central venous cannulas under ultrasound guidance, and interosseous needles. 6 We also had access to point-of-care electrolyte testing and laboratory support with biochemistry, hematology, blood product transfusion, and microbiology including novel multiplex polymerase chain reaction (PCR)-based pathogen identification. We describe our treatment of a Sierra Leonean HCW who survived EVD despite adverse prognostic factors associated with poor outcome.
CASE REPORT
A 21-year-old nursing student from Sierra Leone with a 3-day history of fever, malaise, headache, and general lethargy presented to our unit. He had worked with EVD-positive patients but reported no known PPE breaches; however, he had shared a room with two colleagues prior to their diagnoses of EVD.
On arrival, he was admitted to our 'suspected' ward in a stable condition. He did not report vomiting, diarrhea, or hemorrhage. His temperature was 37.1°C and his vital signs were normal with an unremarkable physical examination. Hematology, biochemistry, clotting, renal, and liver function tests performed in our laboratory were all within normal parameters. Aerobic and anaerobic blood cultures were negative at 24 hours. He was empirically treated for helminth infection with ivermectin and albendazole. A diagnostic Ebola virus real-time PCR (EBOV RT-PCR) was performed and was positive with a cycle threshold (Ct) of 30 cycles (of 40). A rapid diagnostic test was positive for Plasmodium falciparum malaria. He was transferred to the 'confirmed' EVD ward early in the course of his EVD with an additional diagnosis of falciparum malaria.
He received oral artemether and lumefantrine and remained clinically well over the next few days, complaining only of malaise and headache. He continued to eat and drink, remained afebrile, and had normal vital signs. Daily blood tests remained unchanged. However, on day 5 of admission, he was febrile (38.8°C) and reported the onset of diarrhea.
Laboratory blood tests showed renal impairment, raised transaminases, elevated creatine kinase (CK), thrombocytopenia, a prolonged prothrombin time, and prolonged activated partial thromboplastin time, suggesting rapid development of advanced EVD with organ dysfunction (Figure 1) . A central venous catheter (CVC) was inserted into the right subclavian vein and he received four units of fresh-frozen plasma and one unit of cryoprecipitate to reduce the risk of bleeding associated with line insertion (a complication noted in other patients). Intravenous vitamin K was administered daily for the next 8 days. A reduction in oral intake necessitated giving intravenous Ringer's lactate solution (Figure 1 ), although the patient was encouraged to take oral rehydration solution throughout. Blood samples were taken from the CVC by aseptic use of a needleless closed sampling system and tested once daily using the Piccolo Xpress Chemistry Analyzer (Abbot Point of Care) within a biosafety cabinet in our laboratory. In addition, point-of-care electrolyte testing was carried out at the bedside using the iSTAT handheld system (Abbott Point of Care) as required. On day 7 after admission, a coagulasenegative Staphylococcus was isolated from a single set of blood cultures and was considered likely a contaminant. Profuse watery diarrhea (several episodes per day) persisted with evidence of melena and he subsequently developed gingival hemorrhage. This ongoing diarrhea was attributed to advanced EVD. Empirical treatment with ceftriaxone and metronidazole was administered to cover possible secondary infections. He was given two pooled units of platelets and one unit of cryoprecipitate. There was evidence of progressive organ failure with worsening renal and hepatic function and an elevated amylase. In addition, his CK increased above the laboratory limit of detection (> 5,000 U/L) and he also had a granulocytosis and elevated Creactive protein (CRP) (Figure 1 ). Intravenous fluid resuscitation continued, guided by clinical examination and electrolyte testing. Gingival hemorrhage resolved within 24 hours. On day 8 of admission, his condition deteriorated with the onset of vomiting and worsening diarrhea with several episodes of large volume watery stool. He had a persistent fever attributed to EVD and right upper quadrant tenderness developed, consistent with an EVD-associated hepatitis. No focus of secondary infection was identified clinically and blood cultures from the CVC were negative. Symptomatic relief was provided with antiemetics and acetaminophen. The patient developed hypokalemia, presumed secondary to gastrointestinal (GI) losses, and required intravenous potassium chloride. Renal function worsened and urethral catheterization was unsuccessful due to patient intolerance of the procedure. A Flexi-Seal ® bowel management system (BMS) was sited. With informed consent and established protocols at the referring hospital, two units of convalescent whole blood were administered. This blood was obtained from a convalescent patient treated at the referring hospital and had been typed, crossmatched, and screened for human immunodeficiency virus (HIV) and for hepatitis B and C viruses, but not for malaria. It was administered at the request of the referring doctor on compassionate grounds and not as part of a clinical trial.
Vomiting and large volume diarrhea with melena continued. At day 11, the patient remained febrile (40.1°C) and his total leukocyte count increased (predominant granulocytosis). A presumptive diagnosis of sepsis secondary to a bacterial infection was made. The CVC was considered to be a possible focus of infection, therefore it was removed and a new CVC inserted at a different site. Blood cultures were taken from both the old and new CVCs, which subsequently showed no growth. At this point he remained on ceftriaxone and metronidazole. A repeat EBOV RT-PCR on day 14 remained positive (Ct 28.1).
On day 13, the patient remained febrile and developed signs of encephalopathy, manifesting as delirium but with no gross focal neurological deficit. He was confused, forcibly removed his BMS, and was incontinent of urine. The BMS was reinserted. The following day, there was no appreciable change in the patient's condition, and his empirical antibiotic therapy was changed to piperacillin-tazobactam and a single dose of gentamicin.
On day 18, his EBOV RT-PCR was negative and he began to clinically improve; however, low volume diarrhea persisted and occasional low-grade fever continued. An HIV test was negative. A stool sample was negative for GI pathogens on multiplex PCR using the BioFire FilmArray GI panel, as described elsewhere.
8 Over several days, his granulocytosis and CRP began to normalize and renal and liver function improved (Figure 1 ). Intravenous antibiotics were replaced with oral amoxicillin-clavulanate. Oral diet was reintroduced and electrolytes were closely monitored for refeeding syndrome. On day 19 of admission, his coagulopathy resolved and low-molecular weight heparin was administered for venous thromboembolism prophylaxis.
The patient's fever resolved and vital signs normalized. He reported pain over his right buttock and on examination, a stage 2 decubitus ulcer was noted with skin breakdown but without extension to the underlying tissue. The ulcer was dressed according to standard regimens. By day 22, his diarrhea was resolving, and the BMS and CVC were removed. He steadily improved and by day 26 had regained sufficient strength to walk short distances, enabling discharge from our facility to the care of the referring hospital. At follow-up 8 days after discharge, he had no gross neurocognitive defects and while deconditioned, his physical weakness was resolving. He had no recollection of his stay in our treatment center.
DISCUSSION
This patient with EVD progressed within 5 days of presentation from early nonspecific constitutional symptoms to a GI syndrome and subsequently to organ dysfunction, which is associated with high mortality.
9 It has been suggested that electrolyte and fluid derangement, sepsis, and multiorgan failure are the most likely causes of death among such patients. 10, 11 Severe EVD often manifests as a GI syndrome with additional organ failure and coagulopathy in the majority of symptomatic patients. Guidelines support the use of aggressive intravenous fluid resuscitation.
12 Although most Ebola treatment centers in Sierra Leone at this time could provide intravenous fluids, our facility had the advantage of being able to place CVCs, urinary catheters, BMS, and if necessary, to administer vasopressors. We did not use an explicit algorithm to guide the volume of fluid administered. Instead, fluid administration and electrolyte replacement were based on clinical assessment and regular point-of-care and laboratory testing. Previous reports describe severe capillary leak, but we did not find any clinical evidence of fluid overload in our patients. Furthermore, in response to coagulopathy and hemorrhage, we were able to administer a range of blood components. Our patient also received EVD-survivor whole blood that has been used as an empirical treatment in some facilities, with World Health Organization support. 13, 14 However, it should be noted that in a resource-limited setting, blood products cannot typically be screened for all blood-borne pathogens. In our case, the source of the blood transfusion was a local hospital, which excluded hepatitis B and C viruses and HIV-1 and -2. It was not screened for cytomegalovirus or human T-cell lymphotropic virus.
Additional laboratory support included the BioFire multiplex PCR that could be applied to samples of blood, urine, stool, and nasopharyngeal swabs, and was of great utility in excluding secondary infections. Although we were mindful that the negative predictive value of the BioFire assays was not known in this clinical setting, we felt that it was a useful adjunct to clinical assessment.
Although the age of the patient we describe has been associated with favorable prognostic outcomes, he had several adverse clinical features including GI hemorrhage, encephalopathy, and significant renal impairment. 15 We were able to provide comprehensive medical and nursing care to this critically ill patient in a well-resourced center, together with interventions such as central venous access that facilitated treatment. In addition, we were able to provide advanced diagnostic testing including on-site laboratory and bedside point-of-care electrolyte testing, microbiological laboratory support, and blood product administration. We demonstrate that it is possible to provide limited critical care interventions for patients with EVD in an austere environment. 
